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SUMMER HEAT GAIN CONTROL IN PASSIVE SOLAR HEATED BUILDINGS:
FIXED HORIZONTAL OVERHANGS*

Robert W. Jones
Los Alamos National Laborarory
P.O, Box 1663, MS/571
Los Alamos, NM 87545

ABSTRACT

An aspect of passive cooling relates to
conling load reduction Ly the use of solar
controls. When there ls a substantial win-
ter heating requirement, and when the winter
heating needs are met in par: by a pansive
solar heating system, then the potential
aggravation of summer cooling loads by the
heating system {8 an important design issue.
A tradit{oaal solution is the usc of a
fixed, horf{zontal sh.ding overhang. The
purpose of the premseat paper {s to outline
an approach to quantlitative design rules for
the sizing of a shading overhang to minimize
total annual space conditioning energy needs.

l. INTRODUCTION

In cliaates with appreclable winter heating
loads, passive solar heating systems can
supply a substancial tractlon of a bulld-
Ing's heating encrgy requirement. Much
informat lon exists orn the performance of
much systems, and g untitative design
proceduren are avallable to assure thelr
effectivenens.! Relatively little infor-
mation, aon the other hand, axists regarding
the potential summer overheating probleas
annocialed with these systess. The need in
for a balanced denlgn In which exceasive
nolar galns are prevented In the summer
without seriounly compromining the winter
heating perforsance. Tue wmont duesirable
overheating controls are those [mplicit In
the billding dusign and itrictly pamnive in
thelr gperation. Additional active control
measul'en Lhat require seanonal or dally
opera. 'on say be needed as well. A rational
denign strateyy would be to [ncorporate
overheating control measures in s rank
order, heglaning with strictly pansive ones,
and adding active measures to whatever
extent s required. An objective of re-
nearch, then, s to provide quantitative
information to gulde this design process.

Several categories of tools are needed for
the developuwent of s bslanced design. First
are rules of thumb that can be applicd very
early in the design process. The rules of
thuab give guidance concerning preferred
sizes or confligurations of building el.-
ments, for example, the optimum amount and
placement of mass and Insulation. Ss. ond
arc estimation sethods that evaluate the
overall performsance of a design in terms of,
for exaaple, the annual space condirianing
energy requirement of the buflding. Such
estimation methods must be siaple and fe:t
so that they can he routinely applied to
evaluate the overall energy consequences of
various design options under consideration.
Third are analysis tools that provide de-
taifled information about rnergy conmmption
and comfort conditions. This final level of
analysis aayv he reletively expeasive and
time consuming and thus mav he done only
once or twice at an advanced stage in the
deslyn process to confirm earlier entimaten
and to guide “fine tuning” ot the design.
The exact nature and level of sophiaticatlon
of each of these denign tools will depend on
the nize and type of denfgn project I{n ques-
tion, but, taking the example of single-
family reniagential, small commercial, or
light induitrial bulldings, the categorien
of needaed design tooln are closcly paral-
lelnd by the denign tools dov«luyod strictly
for winter heating applications. These

are (1) Lthe rulen of thumd concerning
glazing area, mann, orientation, and other
specific bullding features; (2) the load
collector ratlo (LCR) method for entimating
the annual suxtilary heating energy require-
went; and (1) Lhe solar load ratio (8SLR)
wethod for estimating the auxiliary hest
month by month, and the diurnal capacity
calculation for estimating diurnal ‘eapera-
ture savingsn. Comparable design tooln that
addrens the lesues of balanced design are
under development.

#Mie work wen performed under 'ae auspicen of the US Dipartment of Energy, Office of Solar

Applicationn for Bulldings.



The present paper examines just nne design
i{esue: the fixed, horizontal ove thang.

This traditicnal, strictly passive solar
control device is very compelling in its
simplicity of concept: direct low-angle
winter sunlight passes below the overhany to
enter the building, but direct high-angle
summer sunlight ls blocked. That the incor-
poration of au overhang is a thermal design
problen at all is because tne heating and
cooling functions cannot be made completely
compatible, that js, full summer shading
necessarily fmplies partial fall and spring
shading and the consequent Iinterference with
Aaolar heating during thcse s=asons. The
design problem, then, is to determine the
overhang configuration in which the winter
heating and summer shading effects are
balanced in such a wuy as to optimize some
aspect of the overall performance. It has
been long recognized that a quantitative

opt imization of this sort is the preferred
basls of a design rRolution, and initial
steps have been taken toward providing such
a solutlon.?2 But the averhang sizlng

tonls used most widely are based onlv on the
grometry of sun angles: ([ a deslgner can
speclfy how many days the douth windows are
to be completelv shaded and how many days
they are to be completely {lluminated, then
simple tonls are avallable to determine the
overhang configuratlion. The parameters
that determine this type of overhang nolu-
tion are the latitude of the site and the
designer's guess as to the appropriate num-
ber of shaded and {lluminated days. Of
those, the only one th 't can be wimply known
{a the latitude. Unfortunately, the optimum
averhang contiguratlon for a given applica-
tion ls so weakly correlated with the lati-
tude that this parameter [s not useful by
Ituolf In sizing overhangs.

1o THE_ANALYSTS

The approach taken here to evaluate the per-
formance of shading overhangs {8 to examine
the wpace conditlondnyg enctgy requlirement of
a passive aolar heatwd bullding, Including
the energy taputy to the auxillary heatlng
and conllng vquipment.  This may be
erproesued as

Q= Qp/cory, + gorcor, (n

where Q) and Q. are the heating and

cooling loadn, respectively, and COPp and
COP,. are the average coelflclentn of
pertormance o the auxiliary heating and
cooling nystemn, respectively. The {dea of
the analysin in 10 determine the most [avor-
able molar aperture and overhang conflgura-
t.onm, not necensarily to evaluate the
actual energy connumpt lon.  Therefores, only
the relative coeliicient of performance
betweon the auxiiiary heating and coaling

aystems is relevant, and it is sufficient to
calculate the quantity

Q' = Qn + Qc/COP , (2)

where Q' - Q x COPy, and COP =

COPc/COPh is the coefficient of per-
formance of the cooling system relative to
the auxiliary heating system.

®inally, it is convenient to express the
result as a relative energy savings due to
the preasence of an ova2rhang, that is, the
energy requirement of the building with no
overhang less the energy requirement with an
overhang. This energy savings is propar-
tional to the quantity AQ' = Q'g - Q'

where Q' 18 Q' for a building with no
overhang. In other words,

Q" = QR - Qy + (QR - Qe)/COP (1)
or
.‘.Q' - .'.Qh + 0 QC/COP . (l‘ )

wvhere Qy and Q. are the heating and
cooling loads, rempectively, without an
overhang, lews the corresponding quantitices
with an overhang. Of course, Q) I8 nega-
tive and ", Is ponitive (because the
overhang reduces solar gains and interferes
with passlve solat heating), so that Eq. 4
In an algebralc expreasion of the trade-ofi
between winter heating and summer shading (n
the bullding'« energy performance,

T relative COP, In general terms, 18 the
cast of heating relative to conling, ofth .
In teras of enorgy consumpt lon at the polur
of uske an origlnally detined, ar {n other
termu s deemed appropriate to the desipn
Holution sought. For example, COF coud he
regarded as the cont of heating relative to
cooling {n teras of primary fuel consamp:
tion, dollay cont of the fuel consumed at
the polnt of uMe, of even wubjeo Uive meaw:
ures of the desired design balance wich aa
the [nconvenlence or dincomtort of under-
heating relative to undercooling in cases
when comfort conditfonn are not regulated by
gtrict thermontatic control,  In anv cane,
COP fnoa parametrlc oxpressfon of the rela-
tive lmportance of heating and cooling In
the dewipgn nolution that munt he wopplied by
the destigner along with the otaer ¢ levam
parameters, much an the Jatitude of the sfte
and parameters concerning the climate aml
bullding characterinticns,

The overhang caonfiguratton {n queation [«
{lluntrated in Figo 1o 1t {r awsuaed that
the overhany extends muft{ciently heyvond the
rant-wont limita of the window that el o
offecta (n the maning and aftenoon . re
negliglble.  The distanes X 4n the overhang,
Y tn the meparation, and It I« the window



Fig. 1. Overhang geomelLry.

helght. Thu shading performance of the
overhang ls determined by just two parame-
ters, the overhang ratio, X/H, and the scpa-
ration ratio, Y/H. The relative ensrgy sav-
Ingn, .’.Q', is calculated as 1 function of
these two paramcters.

The analynis method {8 hour-by-hour computer
simulation using typlcal seteorological year
{TMY ) data for sclected cities. The simula-
tlon model has heating and conling thermo-
stat setpoints at 18.79C (659F) and

23.99C (759F), respectively. The heat-

ing and conling loads are calculated a8 the
auxillary energy [lows required to maintaln
the apice Lemperature bhetween these Lwo set-
puints.  The sodel accounts tor solir galns
through an equatorial-facing, double-glazed
aperture. The Incldent wolar radiation In
caleulated [rom the ™Y total hinrfzontal and
direct normail aolar radiation data awmuming
tnotropleally diftuse shy radlation and
arouiid ret lection with a ground ref lectance
ol Ul Losses through the glazing mystem
are caleulated {u detal’.  Conduct{on anid
Iafiltratfon galns a0 . lowses through the
wsalar parts of the bul ldtay envelope are
calculated In terms of a single bullding
lomd conftictent (BLC, KI/77C day), the
stoady -ntate heat galn or loss through the
nonnolar parts of the building envelope per
mit of indoor -outdoor temperature Jdif -
terence, There are an Internal souroes.

vhe huilding In characterized by [ts load
calluctur ratio (LER, WI/9C day w'),

that 142, the ratto of the BLE t the
callictfon area. The collect'on area is
defined an the vertical projection ot the
et glaged aperture area ().

In mummary, the perforsance ot a shadieg
averhang {4 caleulated In teran of Lhe
rrlative onevrgy swavings (4)') % a Tunctian
of the overhang and separation ration (X/M
and Y/H), amd the parameters COP and LCR.
The calculation (n specific to a particulm
Ineatton an characte. lzed by (ta THY and to
the charactoriatica of the pasnive solar
hoating nysteu,

3. THE RESULTS

Results are prasented for the case of a
wvater wall type of passive solar heating
system assuming & wter wall thickneas of
15.2 em (6 in.), or a heat capacity of 354
wJ/m? of collection ares (31.2

Rtu/ft2). The wall Is double glazed and
nas a solar absorptance of 0.9.

Figures 2 through 9 show the results i the
form of contour plots whers the independent
variables are the ovarhang and separation
ratios, and the contours are lines of
conatant encrgy savings. The values that
label the contours are the relative annual
energy savinga (AQ'), Ln units w/nl of
glazed aperture (MJ = 106 J). Each figure
corresponds to a particular city, LCR, and
COF, and is a summary of 26 annual energy
savings calculations in which the overhang
and separation ratios are incremcnted inde-
pendently In the range 0 to 1. Interpola-
tion ls done between the calcuiated points
to plot smooth contours.

Several features of overhang performance are
evident from the plots:

Casen exist where an overhang ylelds no
eneryy savingn at all, wvhere, on the contra-
ry, an overhanyg alwave ylelds an energy
penalty. See. for example, Fign. 3 and 9.
Such casen occur when the COP In sufficient-
ly large that the winter heating penaliy of
an overhang cannot be compensated for by
cooling load reduction. Thin can happen for
relativily small COPs in locations with cald
winters and al)d susmers or for locations
with hot summers 11 the COM {4 relatlively
large due to the une of enerpv-efticient
conling equipment, such du evaporitive
conlors, where this js ponsible

In canes where an overhang can yield energy
wavings, there (= a broad region of relative
aptimim vilurs of overharg and separati-n
ratlo palrs where the energy savings {4 near
Itw macimim @lthin the timits of the plotw.
The oplima are characterized by a linear
reglon on the overhany ratfo-sepatation ra-
tio plane, no that a4 relationship or the torm

Y/H = by ¢ bX/H (")

where by and h) are conntants for a

given hillding and locatlion, accurately
charactoriees the preferred relationship
betwoen the overhang and separation ratton.

There In ro atrlicaly optimua overhang con-
figuration. Rather, the enrrygy savings
continues to |ucreane as the overhang and
separalioy ration increane along the line of
thelr local optima (Rq. %), al leant within
the lim'tn of practical overhang aizea. But
the mafority of the honstit in typirally
reachisd hy gverhang tatlon of 0.3 or 0.4,
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and rather little addict!onal energy savings
{u available beyond that.

The dire energy consequences of a separation
ratln too smill for a given overhang ratlo
are cvident from the precipitous fall in
cnergy savings at the lower right of the
plots. Thin phenomcnon occurs because an
insufticlent mseparation ratlo causcs mome
upper portion of the window to be shided
froe direct radiatlion during part or all of
the heating scanon. The shaded portion is
then a net energy loser. Although obvious,
this pnint bears emphasis because {t I8 40
often ! «l in pructice.

4. CUN LUSLONS

The caleuldted performances show that the
upt lmm overhang chara teristics depend
strongly on all of the features that distin-
puish the varfous cares:  the location, the
bullding LUR, and the COP of the cunling
system relative to the uniliary heating
yyatem. The latitude alone Is certainly
Insuffictent dita from which to determine
the overhang confiaration, Thia point in
tl1lustrated by Fig. 10 In which are plotted
a characterintie ol the optimum overhang
conf lguration, by, verdun the latitude tor
17 camen of the type represented by Fign. 2
through 9. The quantity by is the nslope

of the line of lucal overhang nptims (Eq.
9). No correlatfon Ins evident, Other
atteapts to correlate the opt imum nverhany
characterintice with the latitude were
wimflarly unsuccennful.

It t« {nteresting, and discppolating, that a
caamon and Lraditlonal design i1eature wuch
an the fixed, horizontal overnang in not

mult ject to a slwple dealgn rule of thumb.

0 I
Aot
LT

LATITUDE Ideg N
Fig. 10. Values of b) (see text for
definitinn) versus latitude.

Inatead, It s likely that a useful design
toul wil! necessarily involve a rather com~
plex relationship betwecn several character-
.ftica of the bullding and its site. Such a
toul may turn out to resemble the moathly
Si.R method extended to s9ply to both heating
and conling. Mcanvhi{le, an assortaent of
plota such as those I(n Fign. 2 through 9
prepared for various regfons, LCRr, and
COPs, can provide mome guidance in overhang
rizing.
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